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ABSTRACT 
Objectives: Application of Apgar scores (AS) and umbilical cord blood acid-base analysis is 
a base for the prediction of future neurological development in children. In clinical practice 
we often observe huge discrepancy between clinical and biochemical status of newborn. 
Because many obstetricians consider both assessments as substitute and measure of their 
proceeding’s outcome, we decided to scientifically measure actual correlation between them 
among newborns born with Apgar less than 8 points. 
Material and methods: This was an observational retrospective study. The study included 
141 newborns born in general medium and severe condition (Apgar < 8 points in first minute 
of life). Acid-base analysis of umbilical cord vein blood immediately after birth was 
performed. We correlated gasometer parameters with Apgar scores of newborns.  
Results: The clinical condition of a newborn at 1, 5, and 10 minutes after birth correlates 
positively and significantly with pH values (0.25; 0.24; and 0.26; respectively) and 
bicarbonate levels (0.21; 0.27; 0.28; respectively) in the umbilical cord vein, however 
correlation was low. Subsequently we qualified newborns to four groups depending on the 
degree of invasiveness of respiratory support after delivery, and the groups were compared in 
terms of parameters of acid-based balance. No significant differences were observed between 
groups in terms of acid-base balance parameters.  
Conclusions: There is low, but significant correlation between clinical condition of a 
newborn after birth with most of acid-base parameters from umbilical vein blood. The 
assessment of the newborn's condition after birth using the Apgar score, (but not acid-base 
parameters) determines the degree of invasiveness of respiratory support activities for 
newborns after birth.  
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The Apgar score is a versatile and widely used assessment of the clinical condition of 
a newborn after birth. The Apgar score helps to identify newborns requiring further 
resuscitation and allows the assessment of a newborn’s reflexes in a simple and fast manner 
[1]. However, the subjectivity of this assessment makes the Apgar score an unreliable 
predictive tool and assessing of the general condition of the newborn immediately after birth 
is burdened with high error probability [2–4]. Umbilical cord blood gasometry (UCBG) is a 
test that should objectively assess the condition of a baby after birth. The accuracy and 
reliability of tests assessing the acid-base balance in the fetus depends on the methodology of 
blood collection and the puncture of the appropriate umbilical cord vessel. Currently, there is 
no consensus among leading scientific societies in which precise clinical situations the UCBG 
should be performed. However, the majority recommends this study be performed in cases of 
increased risk of fetal metabolic acidosis, e.g., operative delivery, abnormal cardiotocography 
(CTG) tracing, decreased Apgar scores in newborns, prolonged second stage of labour, and 
uterine tachysystole during delivery [5, 6]. The literature data indicate that the method of 
taking blood samples from the umbilical cord is important in achieving reliable gasometry 
results. Therefore, more dependable results are acquired by centers taking this test routinely in 
all newborns instead of only specific indications [7]. In our center, blood sampling from the 
umbilical cord vein for blood gas analysis testing is standard in all newborns due to easy 
identification of the vessel and its easy collection. In the literature, in most studies assessing 
the newborn’s morbidity and mortality depending on the pH, blood gas analysis was 
determined from arterial blood. This method has a strong physiological basis, due to blood 
flows in this vessel before gas exchange in the placenta from the newborn’s internal iliac 
vessels, which better reflects the condition of the fetus. The blood flowing in the opposite 
direction from the placenta to the fetus through the umbilical cord vein reflects the mixed 
state/performance of the placenta, e.g., the acid-base balance of mother and child. 
The placenta is responsible for equalizing acid-base imbalance in fetal life. Its 
efficiency in the case of fetal hypoxia depends on many factors (e.g., gestational age, anemia, 
presence of a heart defect). During an uncomplicated physiological delivery, the average 
value of base excess (BE) is no more than –5 mmol/L and a change of 3 mmol/L requires 
regular uterine contractions for several hours. In the case of complicated labor, the situation is 
different. In repeated moderate decelerations of the fetal pulse rate, the 1 mmol/L reduction of 
BE takes place after approximately 30 minutes. In the case of severe bradycardia, the 1 
mmol/L reduction of BE takes place after two to three minutes [8]. During the interpretation 
of UCBG both values are important: pH and BE value, which allow to distinguish respiratory 
and metabolic acidosis.  
Apgar scores, as well as UCBG are commonly considered as distinct tools for 
prediction of future neurological development in children, which carry the same important 
clinical information about the condition of the newborn after birth. Obstetricians, considering 
the subjectivity of the Apgar scale, often use cord blood gas analysis as measures of their 
proceeding’s outcome, marginalizing the assessment of the fetal clinical condition. The aim of 
this study was to investigate the actual correlation between Apgar scores and umbilical cord 
blood gas analysis results in the group of newborns born in moderate and severe clinical 
conditions. The analysis of the clinical condition of this newborn group is often the subject of 
discussion and disagreement between obstetricians and neonatologists.  
 
MATERIAL AND METHODS 
This observational retrospective study included 141 newborns from single pregnancies 
at the gestational age of 35 weeks and above born with < 7 points of Apgar score at 1 minute 
of life, what means born in moderate and severe condition, in whom no malformation was 
found. The Apgar test was done at 1, 5 and 10 minutes by neonatologists of the unit. All births 
took place in the Department of Obstetrics and Gynecology of the Provincial Combined 
Hospital in Kielce from 01.01.2018 to 30.06.2019. Number of patients included in study were 
estimated a priori based on power calculation of estimated correlation (80%). We retrieved 
preliminary data from similar study results [6]. The study was retrospective and medical 
records were analyzed. Gestation period was confirmed by embryo biometry in the first 
trimester of pregnancy, and in case of discrepancies > 7 days corrected. In all cases, blood 
from the umbilical cord vein was collected immediately after the umbilical cord was clamped 
for gas analysis, using the ABL800FLEX. In order to limit the influence of immaturity on the 
clinical condition of the newborn after birth, all newborn babies born before 35 weeks 
gestation were excluded from the study. Also, we excluded newborns with birth defects and 
those where we did not obtain a complete blood gas analysis from the umbilical cord vein. 
The analysis of Apgar score correlation at 1, 5, and 10 minutes of life with the parameters of 
acid-base balance of newborns was performed. Next, newborns were divided into one of four 
groups depending on the degree of invasiveness of management supporting the respiratory 
process in newborns within the first 15 minutes after birth: Group I — children not requiring 
respiratory support, in whom only dry and wrap management was used, Group II — children 
requiring only continuous positive airway pressure (CPAP), Group III — children requiring 
lung recruitment, positive pressure ventilation or intubation with mechanical ventilation, and 
Group IV — children requiring cardiopulmonary resuscitation. Acid-base balance parameters 
were then compared among the groups. Statistical analyses were performed using Statistica 
13.1 (Tibco Software Inc). Arithmetic means and standard deviations were used to describe 
the examined groups, in the case of skewness distributions the median and 25th and 75th 
percentile or interquartile ranges were used as a measure of central tendency. Qualitative data 
was presented as a percentage. Because the assumption of normal distribution was not met 
Spearman’s rank correlation was used to investigate if a relationship existed. Continuous 
variables between groups were compared using Kruskal-Wallis test. Differences were 
considered significant in case of p < 0.05. 
 
RESULTS 
Data from one hundred and forty-one newborns was analyzed. Tables 1 and 2 present 
the characteristics of the study group. An analysis of the correlation of Apgar score at 1, 5 and 
10 minutes of life with the acid-base balance parameters of the newborn was performed. 
Table 3 presents correlation coefficients with probability values. A significant positive 
correlation of pH [0.25 (p = 0.002); 0.24 (p = 0.002); 0.26 (p = 0.001); respectively] and 
bicarbonate concentration [0.21 (p = 0.009); 0.27 (p = 0.001); 0.28 (p = 0.000); respectively] 
with clinical status (Apgar scores) at 1, 5, and 10 minutes of life was observed. A positive 
correlation of base excess [0.26 (p = 0.001); 0.26 (p = 0.001); respectively] and Apgar scores 
at 5 and 10 minutes of life and a negative correlation of carbon dioxide partial pressure [–0.18 
(p = 0.03);] with an Apgar score at 1 minute of life was also seen. In every case, correlation 
was low. The management with each newborn after birth was consistent with the ERC 2015 
recommendations [10]. Eighty-two newborns were qualified to Group I (58%), 27 were 
qualified to Group II (19%), 32 newborns in Group III (22%), and Group IV (1%) included 2 
children. The parameters of acid-base balance between particular groups of newborns were 
compared. No statistically significant differences between these groups were found. The 
results of the study are presented in Table 4.  
 
Table 1. Baseline characteristics of study group 
 
parameter 
   
delivery (n; %) 1st (87; 61.7%) 2nd (41; 29%) 3rd and more (13; 9.2%) 
mode of delivery vaginal delivery (60; 
42.5%) 
vacum extraction (5; 3.5%) cesarean section (76; 
53.9%) 
gestational age < 37 weeks (16; 11.3%) ≥ 37 weeks (125; 88.7%) 
 
1st minute Apgar 
score 
4–7 points (138; 97.8%) 0–3 points (3; 2.2%) 
 
5th minute Apgar 
score 
8–10 points (100; 
70.9%) 
4–7 points (40; 28.3 %) 0–3 points (1; 0.7%) 
10th minute Apgar 
score 
8–10 points (128; 
90.7%) 
4–7 points (12; 8.5%) 0–3 points (1; 0.7%) 
pH (n; %) < 7.0 (1; 0.7%) < 7.1 (6; 4.25%) < 7.2 (29; 20.5%) 
BE (n; %) < –12 (8; 5.67%) < –16 (1; 0.7%) 
 
BE — base excess 
 
Table 2. Quantitative characteristics of study group 
parameter mean (+ –SD) 
mother’s age 32.4 y (6.2 y) 
newborn weight 3327 g (577 g)  
median (25th–75th 
percentile) 
pH 7.28 (7.22–7.36) 
pCO2 [mmHg] 45.97 (38.3–51.7) 





Table 3. Correlation coefficients of Apgar score with the acid-base balance parameters (with 
probability values) 




Apgar 10th minute 
pH 0.25 (p = 
0.002) 
0.24 (p = 
0.002) 
0.26 (p = 0.001) 
pCO2 
[mmHg] 
–0,18 (p = 
0.03) 
–0.07 (p = 0.4) –0.11 (p = 0.18) 
BE [mmol/L] 0.16 (p = 0.05) 0.26 (p = 
0.001) 
0.26 (p = 0.001) 
HCO3–
[mmol/L] 
0.21 (p = 
0.009) 
0.27 (p = 
0.001) 
0.28 (p = 0.000) 
BE — base excess 
 
Table 4. Comparison the parameters of acid-base balance between particular groups of 
newborns 
ERC group 1 2 3 4 
 
number of cases 37 (26%) 22 (16%) 80 (57%) 2 (1%) 
 
pH (IQR) 7.27 (0.17) 7.3 (0.11) 7.32 (0.14) 7.28 (N/A) p = 
0.24 








BE [mmol/L] (IQR) –5.8 (5.3) –4.35 
(6.9) 




18.4 (4.3) 19.05 
(4.5) 




IQR — interquartile range 
 
DISCUSSION 
Clinical assessment of a newborn after birth using the Apgar score is very important 
because it identifies those that require the implementation of resuscitation procedures. As 
shown in this study, it is the clinical condition, not the results of the UCBG, which determines 
the degree of invasiveness of intervention in newborns immediately after birth. The results of 
the study showed that the groups of patients with different degrees of invasive procedures did 
not differ in terms of the values of umbilical cord blood analysis parameters (Tab. 4). In 
literature there are many studies demonstrating association of low Apgar scores with 
increased risks of neonatal and infant death and with neurologic disability, however, the 
absolute risks for Apgar score < 7, are low (< 5% in for most neurologic conditions) and 
majority of surviving babies with low Apgar scores grow up without disability [11]. A 
population-based cohort study of the 150 081 children shows continuously increasing risks of 
developmental vulnerability and special needs at 5 years of age with decreasing 1 min and 
5 min Apgar scores [12]. The Risks of cerebral palsy and epilepsy are inversely associated 
with 5 minute and 10 minutes Apgar scores across the entire range of Apgar scores [13]. On 
the other hand the decreased Apgar score should not confirm serious abnormalities in the 
fetus, but may be a result, for example, of the temporary action of analgesic drugs 
administered to the mother during labour [14]. The correct Apgar score does not exclude the 
possibility of adverse outcome in the newborn. In literature there are reports of higher 
morbidity and mortality in children born with an Apgar score of 7, 8 or 9 versus 10 points 
[15] and a higher risk of physical disorders [adjusted odds ratio (aOR) for Apgar 9 = 1.23, 
95% CI 1.05–1.44] and emotional disorders (aOR for Apgar 9 = 1.20, 95% CI 1.03–1.41) in 5 
years of children’s age full-term neonates born at the time of delivery with an Apgar score < 9 
points at 5 minutes of life in comparison with children born at 10 points [16]. As a result of 
the above findings, The American College of Obstetricians and Gynecologists states, the 
Apgar scale cannot be used to predict neonatal mortality and neurological consequences in the 
future. The subjective Apgar score cannot be the only marker of clinical condition used to 
diagnose perinatal asphyxia [2–4]. 
UBCG is widely recognized as a source of objective information of fetal well-being. A 
key role in obtaining a reliable pH result for a cord blood sample is acquired by the method of 
sampling, the location of the umbilical cord puncture site, and the correct operation of the 
blood gas analyzer. According to some authors, in certain clinical situations, the probability of 
incomplete (UCBG) may increase, e.g., situations with Apgar scores < 7 [odds ratio (OR) 
1.68, 95% CI 1.29–2.19], cesarean section (OR 1.31, 95% CI 1.11–1.55) or multiple 
pregnancies (OR 2.02, 95% CI 1.69–2.43) [17]. The causes mentioned above may be the 
reason for discrepancies between the clinical condition and blood gas parameters of the acid-
base balance. In our center, blood sampling from umbilical cord is being taken in each 
newborn. Due to easy identification of the vessel and its easy collection we testing blood gas 
analysis from the umbilical cord vein. In the systematic review and meta-analysis of 2010, 
five studies assessing venous blood gas analysis met the inclusion criteria. The meta-analysis 
showed significant association with neonatal morbidity (OR 4.0, 1.2–13.3, I2 = 44.5%) for the 
assessment of the pH of blood collected from the umbilical cord vein [18]. The median 
difference between the vein and the umbilical artery is 0.09. In the case of simultaneous 
vascular puncture, the difference ranged from 0.02–0.45, median difference BE was 0.8 
mmol/L [19]. In 18% of the cases in the study mentioned above, the sample was taken from a 
different vessel than intended, which was secondary to the blood gas analysis results from 
individual samples. Having such a high percentage of cases proves that the puncture of the 
umbilical cord vessel, particularly the artery, is a procedure with a high error probability. Due 
to the large diameter of the vessel, blood collection from the umbilical cord vein is technically 
easier than from the umbilical artery. The blood gas parameters of venous cord blood are 
characterized by high predictive capacity in the detection of arterial pH < 7 [area under the 
curve (AUC) 0.955 95% CI 0.946–0.964] [20]. BE from the vein was also characterized by 
high predictive capacity of BE < –12 in the arterial vessel (AUC = 0.961, 95% CI 0.963–
0.971). If the pH value of blood collected from the umbilical cord vein is > 7.16, the risk of 
neonatal acidosis is lower than 5% [20].  
The results of published studies unequivocally indicate the case of an uncomplicated 
physiological delivery, the pH of blood collected from the umbilical cord vein compared to 
blood collected from the umbilical cord artery is 7.35 +/– 0.05 vs 7.28 +/– 0.05, respectively 
(arithmetic mean +/– standard deviation) [21]. If the dispersion at the level of two standard 
deviations is considered normal in laboratory tests, the normal pH (reference) values can be 
7.25–7.45 for venous blood and 7.18–7.38 for arterial blood.  
The pH value alone (determining the level of acidosis) is not a good prognostic factor 
in relation to further child development; on the other hand, it is crucial to differentiate how 
long the hypoxia lasted and whether we are dealing with only respiratory acidosis (BE within 
normal range) or metabolic acidosis (BE < –12 mmol/L), which is more severe in 
consequences [22]. The value of base deficit, increasing with the accumulation of organic 
acids, correlates with increased mortality and morbidity in the future [23]. BE in the range of -
12 to –16 mmol/L is associated with an increased risk of mortality, moderate to severe 
encephalopathy, multi-organ failure and future neurological deficits. Such consequences are 
involved in 10% of newborns with umbilical artery base deficit (BD) in the range of 12 to 16 
mmol/L and in 40% of those with a BD > 16 mmol/L [24, 25]. Metabolic acidosis, according 
to the International Cerebral Palsy Task Force, is defined as a pH in umbilical cord blood gas 
analysis < 7 and BE < –12 mmol/L [26]. The cut-off points for diagnosis were originally 
identified based on the consensus of a working group supported by scientific pediatric and 
obstetric societies from seven countries rather than on high quality scientific evidence. 
However, the subsequent meta-analysis of 51 studies [18] which combined the result of 
arterial umbilical cord blood gas analysis with measures of compromise of neonatal or 
childhood well-being indicated an increased risk of morbidity and mortality at higher pH 
values (pH < 7.2) [18]. A pH < 7.2 increased both infant mortality (OR = 4.3, 95% CI; 2.2–
8.7, in 5 studies) and morbidity (hypo-ischemic encephalopathy, seizures, paraventricular 
leukomalacia, mechanical ventilation, intraventricular hemorrhage, and abnormal 
neurological examination) (OR = 2.2, 95% CI; 1.3–3.7) [27]. Many children born with 
acidosis may not develop neurological complications in the future. On the other hand, most 
children with cerebral palsy are born with umbilical cord blood gas analysis within a normal 
range, as the etiology of this disease is very complex [28]. 
Acidosis in newborns has complicated about 1–2% of births, but it is believed that it 
should not be of much importance in newborns with good clinical standing. However, in one 
retrospective study, which recruited children with scores of 7 or more on the Apgar scale at 5 
minutes of life, it was shown that in the group of children with acidosis (pH < 7.1 from the 
umbilical artery) the complications are more frequent than in children with a pH > 7.1 in the 
blood gas analysis. Statistically significant differences were found in the incidence of 
respiratory distress syndrome (RDS) (aOR 4.6, [95% CI 3.1–6.85]), meconium aspiration 
syndrome (MAS) (aOR 2.43, [95% CI 1.3–4.53]), and hospitalization in neonatal intensive 
care unit (NICU) (aOR 3.68 [95% CI 2.81–4.82]). Additionally, in the group of examined 
children, obtaining a BE value < 10 mmol/L from the umbilical cord artery compared to a BE 
value > –10 mmol/L was also associated with a statistically increased number of 
complications: MAS (aOR 2.67, [95% CI 1.57–4.53]), necessity of hospitalization in NICU 
(aOR 2.33, [95% CI 1.77–3.07]), and development of neonatal sepsis (aOR 3.13, [95% CI 
1.56–6.25]) [7]. In our group of patients, only one neonate fulfilled the arbitrary criteria of 
acidosis, which was associated with the moderate clinical condition according to the Apgar 
scale (6 points). The vast majority of newborns in our study group (79.5%) had a pH higher 
than 7.2. In our group of patients there are low but statistically significant correlation between 
clinical condition of a newborn after birth with most of acid-base parameters from umbilical 
vein blood. This low correlation emphasizes that these both methods are not substitutes and 
the combined interpretation of Apgar score results and umbilical cord venous blood gas 
sample is more useful in the assessment of the condition of the newborn after birth than the 
interpretation of the results of these tests separately. 
The limitation of our study may be due to the lack of lactate concentration 
determination in the obtained samples. This study is not routinely performed in our center, as 
the available literature points to poor predictive value of this determination in relation to the 
further occurrence of complications in newborns.  
 
CONCLUSIONS 
1. The combined interpretation of Apgar score results and umbilical cord venous blood gas 
sample is more useful in the assessment of the condition of the newborn after birth than the 
interpretation of the results of these tests independently.  
2. There is low correlation between clinical condition of a newborn after birth with most of 
acid-base parameters from umbilical vein blood. 
3. The evaluation of a newborn after birth using the Apgar score is a main factor, which 
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